Asynchronous ventricular activation, induced by left bundle branch block, is known to have deleterious effects on the systolic and diastolic functions of the left ventricle (LV). Cardiac resynchronization therapy (CRT) has been proposed as a complementary method to improve the LV systolic performance by restoring the synchronized contraction patterns in patients with advanced heart failure and left bundle branch block. However, the effect of CRT on myocardial blood flow is not well established. In the present study, we therefore examined the coronary blood flow in 20 patients with idiopathic dilated cardiomyopathy, implanted with a biventricular pacemaker according to the established CRT criteria. Color Doppler settings were adjusted for the optimal coronary flow imaging, and coronary flow velocities were obtained in all patients. Typical diastolic predominant phasic Doppler spectrum of the distal left anterior descending coronary artery (LAD) was recorded. Conventional echocardiographic variables, peak values of the diastolic and systolic LAD velocities, and the velocity time integrals were measured for three or five consecutive beats during CRT with pacemaker on and off. Successful CRT with biventricular pacing increased coronary blood flow velocities of the distal LAD in addition to its well-known benefits on the systolic and diastolic LV performance in patients with significant dyssynchrony. CRT decreased duration of mitral regurgitation and increased diastolic filling time. Peak diastolic velocities and velocity time integral of the distal LAD were increased significantly. In conclusion, successful CRT with biventricular pacing improves coronary blood flow velocities of the distal LAD.
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Cardiac resynchronization therapy (CRT) has recently been proposed as a complementary method to improve the left ventricle (LV) systolic performance by restoring the synchronized contraction patterns in patients with advanced heart failure and left bundle branch block (LBBB). Previous studies have shown that CRT increases the ejection fraction and exercise tolerance that leads to reverse LV remodeling in patients with LBBB, particularly (Linge et al. 2002; Oguz et al. 14 patients were in class III at the time of pacemaker implantation. Study protocol was approved by the ethic committee of Siyami Ersek Thoracic and Cardiovascular Surgery Center with human subjects or materials and informed consent was obtained from the patients.
Echocardiographic examination
The patients were examined in the left lateral position using a modified left parasternal window. The transducer position was around the left midclavicular line in the fourth and fifth intercostal spaces. After the anterior interventricular sulcus was imaged by angling the ultrasonic beam laterally and superiorly, coronary blood flow of distal left anterior descending coronary artery (LAD) was identified by Doppler color flow mapping. Doppler spectral trace was recorded with a sample volume positioned on the color signal within the artery. The longaxis sections were carefully adjusted to minimize the angle (which was kept 20 degrees) between the Doppler beam and the long axis of the artery. Sample volume was located within the vessel lumen, and was kept there as long as possible during the cardiac cycle to acquire a typically diastolic predominant phasic CFV Doppler pattern ( Fig. 1) . TTE recordings were obtained from parasternal, apical, and subcostal windows by using ultrasound systems (GE Vingmed System V and Vivid 7, GEVingmed Ultrasound, Horten, Norway) equipped with 1.5-to 3.7-MHz broadband electronic transducers. LV ejection fraction was calculated with the Teichholz 2002; Yu et al. 2002; Akyol et al. 2006) . Benefits of CRT are attributed to increase in left ventricular pressure rise time (dP/dt), the cardiac output, diastolic filling and reduction in the functional mitral regurgitation by restoring the synchronized contraction of the LV and precise optimization of atrioventricular (AV) period (Auricchio et al. 2002) . However, the hemodynamic effects of the CRT, in addition to changing the activation sequence of LV, may also influence the coronary blood flow. Recent advancements in Doppler transthoracic echocardiography (TTE) allow noninvasive measurement of coronary flow velocities (CFV) in the distal epicardial coronary arteries. In our study using Doppler TTE we investigated the effect of CRT on distal LAD coronary flow.
METHODS

Study population
The study group consisted of 20 patients, including three females, (mean age 54 ± 10 years) having idiopathic dilated cardiomyopathy, implanted with a biventricular pacemaker according to the established CRT criteria (NYHA functional class 3 or 4, QRS width >120 msec with LBBB configuration on electrocardiography, ejection fraction < 35 %). Patients were being treated with either digoxin, ACE inhibitors or diuretics. Six patients were in NYHA functional class IV while the remaining Mitral regurgitation duration (dMR) was measured from the CW Doppler trace. The LV dP/dt was calculated by previously described "rate pressure rise" method (Bargiggia et al. 1989) . For the optimal coronary flow imaging, the system presets were adjusted as follows: Nyquist limit was 18 to 20 cm/s; color pulse frequency and pulse Doppler frequency were 3.5 MHz; lateral and radial averaging was lowest; color sample volume was minimum; and Doppler sample volume was 1 to 2 mm. For prevention of acute autoregulatory reflex mechanisms; TTE coronary blood flow was evaluated in the first week after implantation of the biventricular pacemaker before the onset of pace activation (baseline data), then pace switched on for fifteen minutes and data taken (pace on data), finally pace swiched off and data taken after fifteen minutes (pace off data). All echocardiographic images were stored in echopac hard disc, and measurements were made by using the internal analyzing software package of the system. By tracing the coronary blood flow Doppler spectrum, the peak systolic and diastolic velocities, and their velocity-time integrals, were measured. For each of those 4 variables, the average value of the measurements from 3 to 5 cardiac cycles were used for statistical calculations.
Results are presented as mean ± S.D. and compared by paired Student's t-test. P value < 0.05 considered statistically significant.
RESULTS
Demographic data and comparison of the conventional echocardiographic variables are shown in Table 1 . LVEF improved from 25.9% to CRT, cardiac resynchronization theraphy; HR, heart rate; SBP, systolic blood pressure; dMR, duration of mitral regurgitation; DFT, diastolic filling time; LVED, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; p1, p value between baseline and pace on; p2, p value between pace on and pace off; VTI, velocity time integral. Values are mean ± S.D.
28.1% with CRT in all patients ( p = 0.06). The mean dP/dt and DFT increased significantly, while the dMR and RV decreased with CRT. Coronary flow velocities were obtained satisfactorily in all 20 patients (100%). There were no significant changes in acute heart rate and blood pressure. However, peak diastolic velocities and velocity time integral (VTI) of the distal LAD were significantly increased by pace switched on and decreased by pace switched off (Table 1) .
When we reanalyzed the individual data, two patients were determined as nonresponders due to no significant increase in EF% (baseline 21% and 23%, compared with CRT 20% and 24%, respectively) in spite that their functional capacities were improved by CRT. The coronary velocities showed no significant change by CRT in this two patients either (baseline 6.1 and 7.1 cm/sec, compared with CRT 6.1 and 7.2 cm/sec, respectively).
DISCUSSION
Our study shows that the restoration of ventricular synchrony with biventricular pacing significantly increases the coronary blood flow of the distal LAD in addition to improvement in the systolic and diastolic functions of the patients with dilated cardiomyopathy and LBBB.
The detrimental effects of dyssynchronous contraction on cardiac performance have been attributed to several mechanisms, such as 1) Wasted contractile work due to wandering of the blood in LV cavity from the early to late activated segments, 2) Decreased contractility due to under or over stretching at early and late activated segments, 3) Shortening of the diastolic filling due to prolonged and ineffective systolic period, and 4) Unfavorable effect of the diastolic mitral regurgitation (Braunschweig et al. 2003; Nowak et al. 2003; Macioce et al. 2005) . In patients with dyssynchronous contracting and dilated LV, improvement in functional status, hemodynamic performance and reverse remodeling of LV by CRT can be explained by a reversal of the above mentioned mechanisms. These hemodynamic benefits of CRT may also explain an increase in LAD flow by restoring synchronous LV contractions. Restriction of diastolic filling period in patients with LBBB may also alter the coronary blood flow, which is predominantly maintained in the diastole. In our study, a close association between prolongation of the diastolic filling period and an increase in LAD flow by CRT may support this hypothesis. However, the distribution of coronary blood flow may also be affected by local autoregulatory mechanisms in patients with a significant LV asynchrony in addition to systolic and diastolic LV performance.
A recent study, measuring the coronary flow with invasive methods, reported an increase in the septal coronary blood flow and a decrease in the lateral wall blood flow in patients with significant LV dyssynchrony due to LBBB (Lindner et al. 2005) . Furthermore, heterogeneous distribution of the coronary blood flow can be treated to a more homogenous distribution by CRT. The septum contracts earlier and ineffectively due to LBBB dyssynchrony, whereas the lateral wall is activated later and the contraction duration is longer. Hence, the relative energy consumption and blood flow of the septum is less than the lateral wall in presence of LBBB. Therefore, the coronary blood flow of the lateral wall may decrease, whereas the LAD flow could increase by CRT because of the reorganized and effective contractions.
Results of our study show that the increase in LAD flow velocities by successful CRT is concordant for improving the systolic and diastolic echocardiographic parameters, such as diastolic filling time, dP/dt and EF%. However, our results also show that the changes in the coronary flow velocities by CRT are not directly linked to the changes in conventional echocardiographic parameters. We tried to minimize short term autoregulatory mechanisms by waiting for 15 min for constant hemodynamic status in each measurement (baseline, switched on and switched off periods) therefore correlation analysis was not performed. Nevertheless, an increase in LAD flow by biventricular pacing can be another marker for successful CRT.
Study limitations
Invasive method was accepted as gold stan-dard for the assessment of coronary blood flow. In this study we were not able to use invasive method and this is our main limitation. Another limitation of this study is that only one (LAD) of the three major coronary arteries flow could be evaluated.
Conclusion
Successful CRT with biventricular pacing improves coronary blood flow velocities of the distal LAD in addition to its well-known benefits on the systolic and diastolic LV performance in patients with significant dyssynchrony.
